Eight samples comprising 73 common shrews were collected from sites close to the coast in the south and west of England and Wales and analysed for karyotype. These samples included individuals of all three known British karyotypic races (Oxford, Aberdeen, Hermitage). Two new karyotypes were recorded: (a) individuals homozygous metacentric for arm combinations ko and np and homozygous acrocentric for chromosome arms q and r (classified as Aberdeen race) and (b) individuals homozygous metacentric for arm combinations ko and pr and homozygous acrocentric for chromosome arms n and q (classified as Hermitage race). The Aberdeen race occurs in the northern and western periphery of Britain (a "Celtic fringe"), the Oxford race is more central and eastern and the Hermitage race has an intermediate range (at least in England and Wales). This distribution is consistent with the hypothesis that the races spread into Britain at the end of the last glaciation in successive waves, the Oxford race partially displacing the Hermitage race which had, in turn, displaced the Aberdeen race. However, allele frequencies at the Mpi-1 locus may be more consistent with an independent origin of the separated northern and western subdivisions of the Aberdeen race.
INTRODUCTION
The karyotype of the common shrew (Sorex araneus) is exceptionally variable throughout its northern Palaearctic range, with many recorded examples of both polymorphism and polytypy (reviewed in Searle, 1984 (reviewed in Searle, , 1986 ). This variation is of a Robertsonian type, so that the karyotypes of all individuals consist of the same basic set of chromosome arms but they may differ firstly in the number of chromosome arms which are fused together as metacentrics (as opposed to being separate as acrocentrics) and secondly in the combinations of chromosome arms that make up these metacentrics. In Britain, three distinct karyotypic races ("Aberdeen", "Hermitage" and "Oxford") have been described (Searle, 1984) . The karyotypes of these races differ with respect to the set of metacentrics composed of chromosome arms k, n, o, p, q and r. The sex chromosomes XX/XY1Y2 and the autosomal metacentrics af, bc, hi, gm, ji and tu are universally present (although acrocenPresent addresses: * School of Biological Sciences, University of East Anglia, Norwich NR4 7TJ, U.K., and t Department of Zoology, University of Oxford, South Parks Road, Oxford OX1 3PS, U.K. tricsj and I may be present in place of the metacentricjl at low frequency).
The karyotype of the Aberdeen race is charactensed by metacentrics ko, np and qr, that of the Oxford race has metacentrics kq, no and pr, while that of the Hermitage race includes metacentric ko with chromosome arms n, p, q and r in the acrocentric state. Around the hybrid zone between the Oxford and Hermitage races near Oxford, there are a variety of karyotypes which include chromosomes characteristic of both races and also the acrocentrics k and o (Searle, 1986) .
The three karyotypic races of common shrew in Britain have been characterised on the basis of restricted geographical sampling, largely within 50 km of Aberdeen and Oxford (Searle, 1984) . However, results from a study by J. L. Hamerton in the 1950s (reviewed inC. E. Ford and Hamerton, 1970) suggest that shrews from the south and west of England and Wales may not readily be categorised as Aberdeen, Oxford or Hermitage race individuals. However, interpretation of these data is difficult as banding methods for accurate chromosome identification were not available at that time. This paper reports on a new investigation of the karyotypic variation along the south and west coasts of England and Wales. Altogether the karyotypes of 73 individuals from 8 sites were obtained. Furthermore, it has been possible to re-analyse almost completely the data of Ford and Hamerton (1970) on 102 individuals from 20 sites around Britain.
To assist in the interpretation of the karyotypic variation revealed in the present study, animals were typed at two isoenzyme loci: a mannose phosphate isomerase (E.C. 5.3.1.8) locus (Mpi-l) and a phosphoglucomutase (E.C. 2.7.5.1) locus (Pgm-3). In a previous study, allele frequency differences were identified between Oxford and Hermitage race and Aberdeen race samples at these loci (Searle, 1985 fig. 1 . For karyotypic analysis, bone marrow chromosome preparations were made as described previously (Searle, 1984) . Preparations from most individuals, including animals from all sites, were scored for karyotype after C-banding. The karyotypes of other individuals were deduced from conventional preparations. The methods used for electrophoretic analysis of Mpi-1 and Pgm-3 follow Searle (1985) . Tn some cases the animals used for isoenzyme studies were not the same as those karyotyped and vice versa. Table 1 presents details of the karyotypes of the animals collected. As with all individuals from Figure 1 The sites sampled in the present study (named) and the location of previous samples or groups of samples collected by Searle (1984) . The karyotypic characteristics are represented as follows: Oxford race (squares), Hermitage race (triangles), Aberdeen race (circles). "A"-'H" indicate the location of major samples reported by Ford and Hamerton (1970) Britain previously examined, the sex chromosomes XX/XYJY2 and the autosomes bc, af hi, gm and tu were invariant (e.g., see figs 2 and 3). Also, as found elsewhere in Britain and throughout the range of the species (Searle and Fredga, in preparation) , arm combination ji displayed low-level polymorphism at Wirral, Ashurst and Chysauster, with the metacentric morph predominating. Thus, as expected, the major karyotypic variation detected in the present study involved chromosome arms k, n, o, p, q and r. Furthermore, the karyotypes of all individuals sampled had similarities with either the Oxford, Hermitage or Aberdeen race karyotypes, although with some important deviations from the standard.
RESULTS
All individuals from Abbeytown had the standard Oxford race karyotype with arm combinations kq, no and pr in the homozygous metacentric state (as illustrated in Searle, 1984) . The Oxford race has been detected previously in southern Scotland and north-eastern and central-southern England is further evidence of the widespread occurrence of this race in central Britain.
Six of the individuals in the Ashurst sample had the standard Hermitage race karyotype with arm combination ko in homozygous metacentric state and chromosome arms n, p, q and r in an acrocentric state (as illustrated in Searle, 1984) . This is to be expected as other individuals from the extreme south-east of England have had this karyotype. However, one individual from the Ashurst sample was homozygous metacentric for both arm combinations ko and pr. The same karyotype was also recorded in all individuals from Wirral. This karyotype has previously not been reported and is illustrated in fig. 2 .
Around the hybrid zone between the Oxford and Hermitage races in the Oxford area, where there is Robertsonian polymorphism for arm combinations kq, no, pr and ko, previous samples have indicated that the metacentric pr occurs at high frequencies to the north where there are high frequencies of metacentrics kq and no; but at low frequencies to the south where there are high frequencies of metacentric ko (Searle, 1986) .
Therefore, pr has been considered to be an Oxford Table 2 Isoenzyme allele frequencies and mean heterozygosities for each sample in comparison with previous data (Searle, 1985) . of the Oxford and Hermitage race samples from south-eastern England (Searle, 1985) .
Mpi-l

DISCUSSION
Previous to this study, three karyotypic races of common shrew had been identified in Britain: the "Oxford", "Aberdeen" and "Hermitage" races (Searle, 1984) . While new karyotypes have been found in the area sampled here, it is not considered justified to define further karyotypic races as the new karyotypes are clearly related to the "standard" Aberdeen and Hermitage race karyotypes, respectively. The new data provide much interesting information on the distribution of the Aberdeen,Hermitage and Oxford races. From this new information it is possible (a) to reinterpret the data of Ford and Hamerton (1970) and (b) to consider, in general terms, the origin and mode of spread of the races. Table 3 presents a reinterpretation of the geographical survey of Ford and Hamerton (1970) and the locations of their main samples are marked on fig. 1 . Clearly, the present study has been most useful in the interpretation of the data of Ford and Hamerton from the south and west of England and Wales; Searle (1984) provides an analysis of the data for south-eastern England. It is proposed that element 4 of Ford and Hamerton is arm combination ji, element 5 can be either arm combination ko or kq, element 6 can be arm combination no, np or pr and element 7 can be arm combination pr or qr. Considering the apparently Hermitage race samples of Ford and Hamerton, those from south-eastern England appear to have consisted primarily of animals with the "standard" Hermitage race karyotype (homozygous metacentric for ko and homozygous acrocentric for chromosome arms n, p, q and r). However, in common with the samples from the Oxford area (Searle, Table 3 A reinterpretation of the karyotypes reported in Ford and Hamerton (1970;  land it is, as yet, difficult to interpret the data reported by C. E. Ford and Hamerton (1970) on shrews from the Kyle of Lochaish and those described by P. J. Ford and Graham (1964) on shrews from Kintyre, Islay, Jura and Gigha.
As indicated in fig. 1 , the available information suggests that the Oxford, Hermitage and Aberdeen races are widespread forms with the Oxford race occurring in central Britain, the Aberdeen race present in the western and northern periphery and the Hermitage race apparently occupying an intermediate range. Given that we have this general picture of the distribution of karyotypic races in Britain, how may this distribution be explained? In particular, there is a need to account for the subdivision of the Aberdeen race into two geographically separate ranges (in western England and Wales and in northern Scotland).
There is substantial evidence that at the last glacial maximum Britain was climatically inhospitable to the common shrew (Yalden, 1982) . Thus, any model for the origin and spread of the British karyotypic races must take into account that the common shrew invaded Britain while there was still a land bridge at the end of the glaciation (Searle, 1984) . The distribution of the British karyotypic races suggests that these races originated outside Britain and invaded in successive waves with partial displacement of earlier invading races.
Therefore it is suggested that the Aberdeen race represents a "Celtic fringe". In a roughly analogous way to the Celtic peoples, the Aberdeen race shrews are envisaged as representing a once continuous race that invaded Britain from con- (Yalden, 1982) .
The model of invasion and displacement by karyotypic races outlined above requires that in each case the boundary between successive races (presumably a hybrid zone) should move. The conditions under which racial boundaries, specifically hybrid zones, may move are fully discussed in Barton and Hewitt (1985) ; we shall not speculate further here.
It is of significance that the common shrews on Anglesey and the Isle of Wight have an Aberdeen race karyotype. Both of these islands were separated from the mainland at approximately the time of separation of Britain from the continent of Europe, i.e., 9000 years b.p. (Yalden, 1982; Trueman, 1971; Melville and Freshney, 1982) . Because of their physical attributes (they are not particularly agile and have poor vision) and feeding habits (they need to feed at least every 2 hours largely on an invertebrate diet), common shrews are not easily transported by man on boats. Therefore, it is likely that they crossed to Anglesey and the Isle of Wight while there was still a land bridge to the mainland. If, in future studies, it is demonstrated that samples of common shrew from the mainland close to the islands are of Hermitage or Oxford race it will further support the contention that these latter races displaced the Aberdeen race.
Previous studies in Britain (Searle, 1985) and Sweden (Frykman et a!., 1983) have indicated that allele frequencies at the Mpi-1 locus may differ between karyotypic races of common shrew. The present study shows that in Britain there is, in fact, not a simple relationship between Mpi-1 allele frequencies and karyotypic race. The allele frequencies at this locus differ markedly between the two main subdivisions of the Aberdeen race, in north-eastern and south-western Britain. This suggests an independent origin of the Aberdeen karotypic race in these two parts of Britain, rather than a common origin with subsequent partial displacement by other races. However, there is some indication that Mpi-1 allele frequencies in samples from the south of Britain may be more related to geographical location of the sample than to their karyotypic race. Samples from the extreme west (Anglesey, south-western Wales, Cornwall) of the south-western subdivision of the Aberdeen race differ in Mpi-1 allele frequencies from samples from more central localities, which are more similar to some Oxford and Hermitage race samples from south-eastern England. The further survey of Britain will help establish the relative importance of geographic location and karyotypic race as determinants of Mpi-I allele frequency and hence the usefulness of this locus as a marker of karyotypic race.
